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OBJECT OF THESIS 


Thouch prestressea concrete girder bridges are 
relatively new in thie country, deeifn procedure for 
simply supported beams have been published by Gustav 
Magnel, P.W. Abeles and others. On the subject of 
continuous girders, hewever, there has not been too 
much published. Magnel has published an analysis 
and set forth a procedure for the derizn of continuous 
girders in hie "Prestressed Concrete". In his 
design, Megnel uses a continuous parabolic cable. This 
eable introduces secondary bending momenta which results 
in an involved desien proesdure employing a complicated 
graph. 

The object of this thesis is to analize and develop 
a design procedure for a three equal span continuous 


girder bridge which employe a eimple cable arrangement. 
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INTRODUCTION AND HISTORY 





Frestressing concrete is not a new develormment in 
the field of Reinforced Concrete. As early an 1888, 
Doehonig took out a patent in Berlin for mortar slabe re- 
inforeed by prestressed steel wires exercising a permanent 
compression on the tension zone of the concrete. Poor 
quality cement was blamed for the failure. Lund and Koenen 
early in the twentieth century tested prestressed reinforced 
conerete beams by prestreasing to approximately 28,900 lbs. 
per square inch. Because of the low pretension of the re- 
inforcement, after a time the prestreseing diranneared alto- 
gether. Other enrly attempts at prestresaing failed because 
the ateel reinforcement used had too low a yield point and 
the pretension was too small to overcome the shrinkage and 
creep of the concrete. 

The present day investigator has at hand reinforce- 
ment with ultimate strengths well over 200,990 lbe. per 
square inch and concrete with crushing strengths appranch- 
ing 10,900 lbe. per square inch. Hence, he is in a posi- 
tion te desizn prestreseed reinforced concrete structures 
with steel and concrete of a quality to give designs 
taking advantage of the principles of prestressing and 
the higher strensthe of steel and conerete. 

In the field of bridge denign especially, prestressed 
designe result in great sevings of materinis, permit eon- 
siderably longer spans, more reliable structures as the 


tensile stresses are completely enncelled and cracks are 
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prevented from occuring as the entire cross-section is 
stressed compressively. Consequently, a minber of metnode 
of prestressing girders have epreared within the nast two 
decades. 

The first practical solution was by Freyesinet in 1928 
utilizing high-quality concrete and high-tensile steel. To 
derive the dense and exceptional quality of conerate re- 
quired, it was essential to use every available means of 
compaction such as vibration, heating, and so forth. Cone 
crete under Yreyesinetts treatment resulted after a few 
hours in a concrete made with ordinary portland cement vith- 
standing a crushing etress of 4,900 to 6,900 lbs. per square 
inch and after hardening, a final compressive etrength of 
160,000 lbs. per square inch. Freyssinet employed wires of 

22" diameter placed against the internal face of a sheath 
and positioned by short lengths of helical eprings (es- 
pecially where the cable changed directions). <A hydraulie 
jack is used te stress the vires ari they are finally se- 
eured by cylindrical biceks. The advantages claimed for this 
method are an inexnensive mathed of securing the wiree, the 
wiree are quickly stretched, the end seeurings for the wires 
do net protrude beyond the end of the team. Disadvantages 
which may be claimed are that the wires my not be equally 
stressed, that the shape and quality of the end blecke pos- 
eibly may not be uniform, and the neceesity of heavy and 
expensive jacks. This process was responsible for a great 
deal of work in Franoe prior to 1939 but hae rnroved too cum- 


bersome for general acceptance. Since then, eeveral pre- 
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streseing methods have been developed that are much 
simpler and considerably more economical. 

During this past war it wae practically impossible 
to obtain the Freyesinet devices in Belgium and another 
method variously called the Belgium Methed, the Magnel 
Metnod, or the Magnel-Platon Nethod was developed by 
Gustav Magnel. In this method wires are placed in a defi- 
nite order with a epacing equal to the wire diameter for 
grouting purposes. ‘The wires are stretched tro at a time 
and are strongly anchored to devices called "sandwich 
plates". The wires are enclosed within a sheet-metal sheath 
and tensicned by a fFive-ton jack. The advantages claimed 
for thie method are 2 cable of a large number of wires, 
wiree are individually stretched and also tested to a etrese 
approximately 10% higher than under working loads. Disad- 
vantages stated are that it is more expensive than Freyssinet, 
a longer time to tension the prestressing wires, extension 
of the “sandwich plates" beyond the end of the concrete, and 
more cifficult to bend the cable to anchor it. <A considerable 
anount of work has been completed in Belgium and aprears to 
be very satiefactory. 

Tro American processes have been developed. The Blec- 
trical Method (Billner and Carlson) employe threaded steel 
bars conted with sulpnur which upon being heated electrically 
elongate. Vute are then tightened dowm and the bars allowed 
to cool, with the bond re-establiened when the sulphur esolid- 
ifies, allowing the nuts now to be removed. The whole opera- 
tion of extending one rod can be comrleted in about two 
minutes. Digsadvantaces set forth are the wastage of nteel 
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area unless the ends of the bars are upset, serious loss 

of prestress due to small stress, possible iack of uniform- 
ity in the prestress and possible chemical action of the 
sulphur damaging the steel and conerete (especially if 
cracks appear and moicture is preeent). However, this 
method is simple, economical and preetiecal, and merite in- 
vestigation and use. 

The second American method, Schorer's, depneandr upen the 
bond of thin wires, wound helically in oprosite directions 
around a central core forming a cage. The wires are separated 
from one another and the central core by sracer discs, being 
held in place at the desired stress by a wedge-ring clanming 
aevice. Unite can be manufactured in various sizer depending 
on the wire size and certrel core. The advantages claimed for 
thie syatenmn is the use of a factory-made unit requiring no 
special tevew torent in the field. 

Prosesses depending upon the exnansion of concrete in 
hardening have been investigated but full reports are not 


yet available. 








i 





85 to ETS me rene EO mm - 
ee ee te 

. 1180 Fo.saaien Teminnie a(atoomy des seinen stl a 
AD eh dedeenee! reine heme Senile alt eel memeeh sins 

ptt seeemes teener ae! wreerniene Ame vererme 

-0t atl are ahemlenerry lew heminmmng ohame at 

— 
od ee pines aera <A Sa A Ponte 
pee ee ee eT 
: Alas eee RET EAT me 4 Pre tome Lemdmee i 
| ee ee 





Pa 





— 




















PRP le Ge rtemmtee 6 wt cmmete be cinee mt oe mete wh 
tee ele eeeenee 6) Seretre teen of mem eile? fet 
ae emndet eeqaiurten tT carer Seiden: Ae eee Anh od ’ 

Oe ee ee 

— Gua het? off eh teeters J 
0b Riya Dh SAsee AR) cD Bef tye! omemeceTT 

eee ee he ee 
deel 208 





PROBLEt OF THE CONTINUOUS BRAI 


a ee 


Prior toe discussing the problem of continuous 
beams, it may ve well to adept a convention of signs. 
A positive bending moment causes compressive stress 
in the top fibre (i.e., caures the beam to sag) and 
negative bending moment causes tensile atreses in the 
top fibre (i.e., causes the beam to hump). The 
eccentricity is designated as follows: where the cable 
is above the neutral axis as pesitive and where below 
the neutral axis as negative. The convention thus 
established for the bending moment and eceentricity 
ascree with each other. 

In a continuous bear unless the prestressing 
cable coincides with the neutral axis of the bean 
(i.e@., is nowhere eccentric), the statically indeter- 
minate reactions are altered by the prestressing. 

If in Pig. 1, the suvpert at 5 is removed, the 
treetreseing force would creste a negative bending 
mement and teni to lift the beam at all roints except 
at the exterior suprorte, A and C. Therefore, to 
keep the beam in contact vith the surnort at F (aseume 
support replaced), a force Fp must be aprlied. The 
application of this force produced an extra upward 
reaction at the exterior euprortea (the sum of which 
must eoual the force applied). Theee additional 
reactions produce an additional bending moment - which 
is designated as the Secondary Pending Moment, M,, which 


must be combined with the initial bending moments caused 
« § « 
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by the loads and the initial prestressing force, Py. 

This Secondary Bending Moment is pronorticnal to 
the initial preatressing force and is not negligible 
(unless the cable is #0 placed that the eccentricities 
are such that they partially cancel one another throughe- 
out the lensth of the beam). The magnitude and sign 
of the Secondary Banding Moment result from the position 
of the cable, which in turn ean only be chosen when the 
values of the Secsndary Bending Moment are known. 

To avoid the process of rapeated calculations for 
the Seeondary Bending Moment and the ynoreition af the 
cable, which are mutually dependent, Hagnel sug¢este the 
use of the concept of equivalent eccentricities. He 
defines the equivalent eccentricity at a section as the 
sum of the actual eccentricity at that section and an 
apparent eccentricity. Thie apparent eceentricity is 
introduced by the Secondary Bending Koment and is equal 
to the value of the Ssoondary Bending Noment at the 
section divided by the prestressing force; 1.Q+, HytPy. 

Therefore, if the equivalent eccentricity is used 
instead of the actual eccentricity, the continuous heam 
ean be designed as if there were no Secondary Bending 


foment. 
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SYMBOLS 


cerope-sectional area of the beam 


AJB,C,D - designate eections (when used an subseripts) 
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area of steel reinforcement 
width of section at centroid 


allowable cormmresrive and tensile stresr in the 
conerete, respectively 


eceentricity of the prestressing cable from the 
neutral axis 


equivalent eccentricity 
- stress in top and bottom fibre, resp., caused by wa 


~ stress in top and bottom fibre, resp., caused by Wa 


ab “Stress in top and bottom fibre, resp., caused by w' 


allowable tensile stress of steel reinforcement 


allowable conerete tensile stress (for check on 
cracking) 


moment of inertia of entire section about centroid 
length of gach evan, fect 

bending moment due to wa 

bending moment dus to we, 

bending moment due to w', 


proportion of P; that remains nermenently; gener- 
ally = 9.85 


initial prestressing foree 


xtatieal moment of seetion on either sice of centroid 
taken about the centroid 


radius of gyration ef conerete section 


principle stress 
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Yt» Vp 


external shear on section 
shearing strees at the centroid 


load per unit length asting when prestrese is 
being established 


additional load per unit length acting after the 
prestrass has been established (acting in such a 
manner ar to produce a moment of same siren as that 
produced by wa) 


additional load per unit length acting after the 
prestrece has been established (acting in such a 
marner se to produce a noment of onprosite eign as that 
produced by wg) 


distances from centroid of beam to ton and bottom 
fibras, respectively 
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Bs 






d | 


mettnon im renee Care = OY 
Stectner Okt te newrieineetie = 


DEVELOPMENT OF FUNDAMENTAL FORMULAE 


A prestreesed concrete membor subjected to bending 
only must in general resist the bending moment produced 
by the loads present (wy) when the prestress is being 
established and to another bending moment produced by 
the loads (w, and w',) which can be applied after the 
prestressing. 

The cases of a simply supported beam subjected to 
bending moments of the same sign (Mg and My), a simply 
eupported beam subjected to bending moments of opposite 
pign (Kg and K',), and a continuous beam subjected to 
bending moments of the same and opposite sign (My, Ky and 
K*,). Bach case will be investigated at the sections 
of maximum moment, for tne tor and bottom fibre, and 
at the two critical loading sonditions - imnediately 
after the prestress is established and after an slapsed 
tine. 

i. Simply supported bean subjected to bending moments of 
the same sign. 
Ae Case of eceentricity greater than r@/y, 
i.e Top fibre at mid-beam section. 
ae Immediately the prestress is established the 
tensile stress in the conerete under the load 
Wg and the prestressing force must not exceed 
the permissible tensile strength (¢4) in the 


concrete. 
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FORCE STRESS CAUSED 
Prestress Ps/A (comprersion) 


Ps(ey,;)/Ar~ (tension) 


Dead Load (wg) fat (compression) 
P. < 
aH - 1) - tat = et (1) 


After an elapsed time the compreesive stress in 
the conerete under the loads (wg and wa) and the 
presatreecreing force must not exceed the compreserive 
strength (c) of the conerete. 


FORCE STRESS CAUSED 
Pres tress nPs/A (compression) 





nPy(ey,)/Ar® (tension) 


Dead Load (wg) fat (compression) 
Live Load (w,) fat (compression) 
-nP,; (ey Pa 
ase ~ ) + far + fat = ¢ (2) 


2. Bottom fibre at mid-beam section. 


Be 


De 


Immediately the preetrercs is eetablished the 
¢ompreesive atrees in the concrete under the 
lond (wq) and the preatreesing force must not 
exceed the permissible compresrive eatrength in 
the concrete. 


PORCES STRESS CAUSED 
Prestress P4/A (compression) 


P4(ey,)/ar® (compression) 





Dead Load (wa) fay (tension) 
Py ( = ) < 
. —= a> = © (3) 


After an elapsed time the tensile etress in the 
concrete under the loads (wq and w,) and the 
prestreseing force must not exceed the permissible 


tensile streneth in the concrete. - il - 
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FORCE STRESS CAUSED 
Prestress nPs/A (compression) 


nPy(eyp)/Ar® (compression) 


Dead Load (wy) far (tension) 
Live Load (we) Vos (tension) 


“nP,s ey, < 
A (1 4 a) fan + fan =e (4) 


B. Case of eccentricity leas than r°/y, 


1. Top fibre at mid-beam section. 


Ae 


De 


Immediately the prestress is established the 
condition of I-A-l-a does not apply since the 
top fibre is now always in compression. (5) 
Therefore, the controlling condition after 


prestreas is that the compressive etress under 


the loads (wg and w,) and the prestressing 


force must not exeeed the compressive etrength 


of the conerete. 


FORCE STRESS CAUSED 
Prestress Ps /A (compression) 


P(ey,)/Ar~ (tension) 


Dead Load (wy) fat (compression) 
Live Load (w,) Tas (compression ) 
Py ( ey +t <. 
— (i — + fg+4+ fat = 6 
x (2-H) * fae + tat ai 


After an elapsed time the compressive stress 
under the loads (wz, and w,) and the prestreseing 
force must not exceed the commressive strength | 
of the concrete. All the stresses remain the 
same as those of I-B-lea except the Py terms 
which are reduced by ng therefore, if (6) is 


satisfied, this condition is also. - 12 - (6-a) 
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2. Bottom fibre at mid-beam section. 


Immediately the preetress is established and after 
an elapsed time the conditicns are the same as in 
I-A-2-a and <b. Therefore, the condition 
equations (2) and (4) apply (redesignate as 


(7) and (8), respectively). 


II. Simply supported beam subjected to bending moments of 


the opposite sign. 


Ae Case of eccentricity greater than r=/yy 


1. Top fibre at mid-beam section. 


Me 


Immediately the prestreas is established the 
tensile stress in the concrete under the loads 
(w, and w'.) and the prestressing force must 
not exceed the permissible tensile strength 


of the concrete. 


FORCE STRESS CAUSED 
Prestrese Py /A (ecompreseion) 


Py(ey,)/Ar® (tension) 


Dead Load (wy) far (compreesion) 

Live Load (w'.) rr. (tension) 
rail rT i ~ fag t+ Pag = Ct (9) 

After an elapsed time the condition and forces 


are the same as those of II-A-l-a except the Py 
terms which are reduced by nj therefore, if (9) 


is satisfied, thie condition is also. (Q=n) 
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2 Bottom fibre at mid-beam section. 


ae Immediately the prestress is established the 


be 


compressive stress in the conerete under the 
loads (wq and w',) and the prestressing force 
must not exceed the compressive strength of 


the concrete. 


PORCE STRESS CAUSED 
Prestress 4/A (compression) 


Py (ey) /Ar® (compression) 


Dead Load (wy) fap (tension) 
Live Load (w',) oe (ecompreesion) 
Pi ey < 
~ (1+ = | - fay + f'ar =e (19) 


After an elapsed time the condition and forces 
are the same as those of II-A-2-a except the P, 
terms whieh are reduced by nz therefore, if (10) 


is gatisfied, this condition is aleo. (10-a) 


B. Case of eccentricity lese than r°/ys 


1. Top fibre at mid-beam section. 


ae Immediately the preetress is established the 


tensile stress in the concrete under the loads 
(w, and w',) and the prestressing foree must not 


exceed the permissible tensile strength of the 


concrete. 
FORCS STRESS CAUSED 


Prestress Py /A (compression) 


Py (ey,)/Ar® (tension) 


Dead Load (wa) fat (sompreseion) 
Live Load (w',) f" 4 (tension) 


oDy ( ey; < 
— l- =") .5 giat + f£'o4 = ct (11) 
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b. After an elapsed time the condition and forces 
are the same ne those of II-B-l-a except the Py 
terms which are reduced by ng therefore, this 


condition controls. 





-nr ey < 
4 t 
- G “ = - fat + f* 54 = Ot (lil-a) 


2. Bottom fibre at mid-beam section. 
ae Immediately the prestress is established the 
compressive stress in the concrete under the 
leads (wy and w',) and the prestressing force 
must not exceed the compressive strength of 


the concrete. 





FORCE STRESS CAUNED 
Prestress Py /A (compreseion) 
| Py (ey,,)/ar™ (compreesion) 
Dead Load (wy) fap (tension) 
Live Load (w',) f' a» (compreszicn) 
~* (1 + a -fay + fay 2 (12) 


be After an elapsed time the condition and forces 

| are the same as thome of IIi-B-2-n except the Py 
terms which are reduced by ng therefore, if (12) 
is satisfied, thie condition is also. (12-a) 
NOTE: It is obvious that the beam must satisfy 
the formulae derived above in I when the beam is 
loaded thusly. However, if the conditions 
of certain of these equations are satisfied, 


those of othere are automatically satisfied. 
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Therefore, for a beam subjected to bending moments 
of the same and oprosite sign, whether the beam be 
simply supported or continuous, there are the controlling 
formulae for the section or sections of maximum bending 
moment or moments, respectively. 

For Case A ( e >re/y,) - 


if (9) is eatisfied, (1) is also; 
if (10) fe satisfied, (3) is also. 


Therefore, the controlling equations are - 
(2), (9), (4) and (19). 
For Case B ( e<r@/y,) - 


if (12) =(19) is satisfied, if is aleo and 
igs inoperative. 


Therefore, the controlling enuations are - 


(6),(11), (4) ana (19). 


The next econgideration is the graphical representation 
of the controlling formulae for beams aubjected to bending 


momornte of the same and opposite sign. 
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To facilitate the solution of the four simultaneously 
controlling formulae it will be worthwhile to represent 
the formulas graphically. Bach formila will be considered 
individually and then simultaneously with the three 
companion eondition formulae for the sobuition of seetions 
of meximum moment. 

The formulae are plotted with the eccentricity as 
the abscissa and the value of (1/P,) ae the ordinate. 
The value of the abscissa (e) for the ordinate (1/P,) equal 
to zero for lines 2 and 2' is +r2/yy and for the 
lines 4 and 4' ie -r2/y,. The value of the ordinate (1/7) 
for the abscissa (e¢) equal to sero is given in the following 


table. (see Fig. 3 for graphical representation) 


PORIULA LINE ABSCISSA ORDINATI CONDITION 
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In Fig. 3 the shaded areas correspond te the values 
of (e) and (1/P4) thet satiefy the particular condition 
formila. To solve a particular section, the bending 
moments and stresees caused by the loads wa, wy, ani w', 
are found and then the ordinates for 2, 2°, 4 and 4' are 
computed. The four condition lines sre drawn and the 
aron encloned within the four lines satisfies the 
eonditions. Similar diagrams of (ae) versus (1/71) are 
drawn for the sections of maximum moments (for a 
continuous beam of three equal epans these are the 
midpoint of the exterior span, the interior supvort 
and the midpoint of the central epan). Thin fa 
fllustrated in Fig. 4. Any line euch as Hel’ is drawn 
parallel to the (e) axiea cutting all three areas and 
satisfies the conditions of the particular beam and 
its particular leading. Line HeH' gives the value 
of (1/P,) from which the prestressing force is obtained. 
The intercepts of line H-H' with the areas give the 
limite of the eccentricities for the particular eections 
for which the diarram: are constructed. It ia obvious 
that the further the Line H-t' is from the (e) axis the 
saaller will be the prestreseing foree required. Thus 
it will be best to investigate this eondition first and 
should the allowable aceantricities not be obtainable, 
other lines parallel te the (e) axie,but closer, should 


be tried. 
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GRAPHICAL REPRESENTATION 
CONDITION EQUATIONS 
CON riNyous BEAMS 
THREE EQUAL SPANS 





SECONDARY BENDING MOKENT 
AT 





INTERION SUPPORT 


The Secondary Bending Moment in terms of the pre- 
stressing force (Py), the span length (L) and the 
eccentricity of the prestressing cable (¢) has been 
derived from the Conjugate Beam Theory and the Principle 
of Superposition (the derivation is indicated by Marnel 
in his “Prestressed Concrete" with the intermediate steps 
omitted). The resulting expresgion for the Secondary 
Bending Moment is general and applicable to any assumed 
arrangement of cables and combination of prestressing 
forces. (see Pig. 5). 

—" follows his recommendations fer the eccentricity 
of the cable, that is, no cable eccentricity at the exterior 
supports, sagging of the eaxble in the middle of the end 
spans, humping over the interior aupports, sagging at the 
middle of the central span, and being symmetrical about 
the midpoint of the central span. He accomplishes this 
by the use of a continuous eable ans follows: in the exterior 
half of the ends gpan with a second degree parabolag in 
the interior half of the end spane with a fourth degree 
parabola and in the central span with another fourth degree 
parabola. Using the algebraic equations for the cable 
eccentricity and letter designations for the three 
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THE SECONOARY MOMENT AT AN INTERIOR SUPPORT. 
By Conjugate Beam, 
mw) CO, - 6 tT =. fe 'M ak (Slope= area of —_ gagram 


Ey El 
(2) Ay, = Oyt Ofx, ~ 4%.) + EE (M(x, - x) dk 
(Deflection= moment of area of Me diagram) 


ET 
2 ASSUME Supports B & D removed: when prestressing force applied 
it produces a bending moment, M(=P-e), with a resulting deformation. 
Applying (1) & (2), | 
at midpointC, (1') Gz 0= &t gph M dx or e-em dx. (1') 
at support B, (2) AY; OF GL La  (PM(L- x) dx 
:. substituting M=P-e and (I') in (2), 


(Z)Ay = - ol, Pe dx + ab (PtL- x) e@ ax 





- FP (Ce ax + Ee [Pe dx - f, ex ax 


P 
EI 
: - pf /y° ex aX + Lf, g dx / (upwards) 


(deflection at B due to prestressing force, P). 
|J3 Referring to beam in (b) above, appiy load Rp, / at B& D(R, is the 
aforementioned force in discussion of problem of continuous beam). 


| < = Lae | 
| from Lax(when x=a)= FX (3La 3a? x“), 


g 
Feet 733,432 -2) - + 28£ (downwards) 


Dg = Fe a GET 








controlling eccentricities (1.¢., the widdle of the 

end span, the interior support, and the middle of the 
central span), he solves for the value of the Secondary 
Bending Moment. 

Uaing the concept of the equivalent eccentricity 
(the actual eccentricity plus an aprarent eccentricity), 
he proceede to set up a graph (see Fig. 6) which ina 
entered with the limites of the equivalent eccentricities 
from the diagram of e' ve 1/P4 (see Fig. 4) and an 
arbitrarily chosen eccentricity for the interior support. 
Linee are drawn parallel te the basic construction lines 
and an aren should be bounded by these line - any point 
of which satisfies the conditions of the problem. If 
the arbitrarily chosen value of the actual eccentricity 
of the interior suprort deer not provide a satisfactory 
solution, others must be tried. If the freatest 
available actual eccentricity at the intericr surrart 
goes not provide a solution, the beam is too shallow 
for the condition of leading. 

To eliminate the parabolie enable, the use of a 
graph with four construction lines, anc the field 
conatruction of a parabolic cable, a simpler cable 
arrangement was investir¢ated. A eontinucus parabclic 
cable, a continuous straicht eable, a continuous 
straight cable with an additional eshle over each 


interior support and discontinuous oablee with various 
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points of cut-off were investigated with no special 
results worthy of note (with the exception of the latter). 
The use of a discontinuoue cable composed of straight 
enables with quarter point cut-offs was tried and is the 
one adopted for this presentation. 

The cable ie illustrated in Fig. 8 with all the 
distances and forces labelled. The derivation fer the 
Secondary Bending Voment, the aseumptiones made and the 
final equations for the three equivalent eccentricities . 
are for the cable arrangement indicated. 

The curves for the equivalent eccentricities in terms 
ef the actual eccentricities sare determined by the three 
final defining equations. (see Pig. %). 

The procedure is as before - enter with the limiting 
equivalent eccentricities from the dingram of e'vs 1/P; 
and the actual limitine eccentricity imposed by the 
physical setup of the chosn bean. A few quick trys and 
an acecertable solution ean be found. If the actual 
eccentricities available are not satisfactory, the bonm ie 


too shallow for the loadings ured. 
















et lel el 
Shab in ee ee 2 
Ee cere etree eemuawemeth a 
0 em de nen etna de pit 
anttatmanrey obit eel Botner | 

eet he he NY Ob Aebertnettt ah witten 

at wl enbietiven et + hei tetet smvet Mow 
ee ee ee 
llirteemeand lettermen Sa F wot ae ttewpe 
ee ee oe 

eed el ote tteeree Ptteeteme cof oc Gorven ett 
et ethene fee eetrinciseme: [ewes ad? 
260 29) coe) conifers, sein tt & 

abthell a the saree © wate! de ot anther ait 
PALS erte Ye erslh we er edd dederareas sant 
ned eran ent A Catan 
Mini wey Oe ee Oe Ww ere e 
here eo tee nF ee ec dntee OcAromeer 
et wh pre tete pee rte enrtetdees avis inte 
ee Ye meel Ge feo etLineny 





a 





f 





- 








LNIWIINVEY YY 
IIGVI dISOdAOY¥d 


2 bry §-G uoijImas 





y-y Uol{I2aS 


1 


oe 


a 








0 Fig.8 





< wm Lf a 
| A a 
a ae ae er 
ee 
gil oe mC 
é e 
1s / y, p p + 
A TS Fig. C 
_ ASSUME Same “it All Cables. 
| From Eq. , Bill ex ox +L fe ax]. 


= - $ite + (2 ax +L f eydh +6fe] 


$6L viet v(t glx /t alx/7 


9 ent” 
. -BF/ 24 4 a Lad’ ak, eal / 


__6P/ 9e, , Ie 86 7 
- -SE/ 2% 4 Seo Ses / 
- - P [ 0.33750, + 0.5625 ég 40.3 @3] 
ASSUME @, =@z =@, =Er , and @5 =@p. 
2.  Me= -P[0.63756, + 0.5625 @/. 


By definition, Equivalent Eccentricity e'= et ss 


3. en = ent = @,- 0.31875 ¢4 - 0.28125 ep. 
ep * og + “G & @9- 0.6375 64 - O.5625 ép. 
Qc = ect Ys 


Ue 


@4- 0.6375 64 -— O5625 ep. 
-or- 

en = 0.68125 @, - 0.28125 op . 

@p*- 0.6375 @, 4+0.4375 ef . 

@p* 0.3625 @, -O.5625 Op. 


Drow curves for @,,@p,4 @> in terms of @, @ ep. 




















FOUNDATIONS AND ABUTIENTS 


Sinee no especial cerign or techniques is required 
for the construction of the foundations and abutments 
of prestreseed reinforced concrete bridges, it is 
assumed that such abutmente and foundations can be 
built with no difficulty. Tnerefore neo analysis 


or design of these elements is made. 





CONSTRUCTION PROCEDURE 





No attempt is made to diacuss the detailec construc- 
tion procedure neceesary for the practical application of 
this design. Such procedure would derend on the location 
and the engineering experience of the contractor. There is 
nothing in this desien which requires the development of 
new methods of construction. The technique of construction 
nlready applied to existing prestreered conerete brides 
could with small medifications be applied to the proposed 
design. | 

Ginee each girder in the designed bridge is 309 feet 
long and would weigh approximately 129 tons, 2 serious 
transportation and placement problem would result if the 
girders were cast at a distance from the nite. For that 
reason, the girders would be advantageously cast on top of 
the piers, one or two at a time, using falsvtwork to eunnort 
the forms. This weuld reouire only enough falsework to 
support two or three girders. After prestressing the girders 
would be moved laterally into position. The cesign of the 


girders was predicated on this method of construction. 
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GENERAL FEATURES OF DESIGN 


The bridge herein designed is a continuous span bridge 
consisting of three-one hundred (3-190') foot epans. The 
cross eection of the bridge consists of seven 48" T-bean 
girders. On the top flange of the girders is a 3" wearing 
surface of concrete. This allows two lanes on a 26-foot 
roadway with two one-foot curbs, for an overall width of 
twenty-eight feet. (see Fig. 10). 

Bach girder is enst atonv the piers and ie post-tensioned 
with high strength ateel wires by the Kagnel-Flaton system 
before being placed in ita rroper rerition. The pre- 
streesing steel consists of straight wires covered with 
ametal sheath and grouted te form cables. These cables 
are placed on either side of the web of the I-beam and 
are anchored in specially desicned rectancular blocks. 

(see Fig. 7). For additional protection the cable sheathe 
would be protected by a bitumincus soating. The exterior 
eide of the two outside girders would be covered with a 
thin shell of concrete giving pretection to the otherw-se 
exposed eable sheaths. All the cablee are below the 
neutral axis within the core of the section except over 
the interior supports where the cables are above the 
neutral axis te counteract the negative moment. These 
cables are not continuous, sterting and satorning at pre- 
determined pointe where the rectanrcular blocks are placed 
for anchoring. This diseontinuity of the cables is the 


peculiar feature of this desien and, as far as in known 
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Fig. 10 


GENERAL SKETCH, CROSS-SECTION 
GIRDER OETAIL 





by the authors, this particular type of conrtruction hag 
not been previously usec. 

Each of the seven girders is keyed to the adjoining 
one by shear keys on the upper and lower flanges. After 
the seven preetressed girders nre in place on the abutments, 
eteel wires in cables are pasesd tranoversely through 
the upper and lower flanses at a specified mracing, holes 
being left in the flanrces fer thie nurnose. These wires 
are then prestressed estebliehing a rost-stressed condition 
transversely through the combined and lower flanger. 
Becaues of the strese so establiehed, each girder does 
not act individually but aseumes the ertatur of a mono~ 
lithic etructure with the other girders. 

The follewing stepe are the baeis of the procedure 
for design: - 

(1) Assume a conerete erose section. 

(2) For dimensione used, find the limiting values 
of the equivalent eccentricities (diagran of e' vs 1/74). 

(3) Bxprase the variation of the cable eccentricity 
as an algebraical exprension, 

(4) Find the equivalent eccentricities in terms of 
the actual eccentricities. (diasram of eve at). 

(5) Determine actual eccentricities by satisfying 
diagrams of e«' vs 1/P, and e ve e'. 

(6) From the diagram of e' vs 1/P4 deteruine the 
Value of the prestressinge force. 

(7) Compute Secondary Bendine Moment and ite indueed 


stressor. 
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(8) Combine streeses from loads at time of preetress, 
stresses from superimposed loads, stresses due to the 
prestressing and stresaem due to Secondary Bending Moment 
in all possible combinations (at the time of prestrees, 
after prestress with superimposed loads, and after an 
@lapsed time) to see if stresses conform to the allowable 
compressive and tensile strengthe. 

(9) The remainder of the design ie for details ~ such 
as the check on the shear, the design of the shear key, 
the design of the anchorage, the design of the transverse 


eteel and so forth. 
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SPECIFICATIONS 


Since prestressed concrete construction is relative- 
ly new in this country, no standard set of specifications 
have been agreed upon. Where possible the specifications 
set forth in the current American Concrete Institute 
Standards were adhered to. For thoreinstances, in which 
it was believed that the published epecifications were not 
applicable, values as recommended in ‘publications’ by 
Gustav Magnel, Pr. W. Abeles and various other authorities 
were used. 

With regard to loading, the standard srecifications 
for Highway Bridgee, fifth edition, 1949, ss adopted by the 
American Association of State Highway Officials was used. 

The following specifications were followed in the 
tein: } 
Live Load 


He20-816-44 (AASHO Standard Specifications for 
Highway Pridges ) 


Impaet Factor 


+ = 80 
L + ies 


L = Length between supporte in feet 
Dead Load 
Twe lenees ona 26 foot rondway. 


Two one-foot curbs equal to 300 lbs. ner foot of 
bridge 


Three-inen road wearing surface equel te 150 lbs. 
per foot of girder 


Maxiomm Deflection Allowable 


Live load plus impact - o1,, x span 
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FROPRATIAS OF MATERIALS 


The materiale used in this design have the following properties: 





Ultimate compressive etrength . . « 6 « « « «© « « 8000 pal 
Allowable compreesive etrees . 2 « 6 © + » «© © « ROOD pal 
Ultimate teneile etrength « « « « 0 6 0 eo 6 ew ew ew) «6780 pel 
Allowable tenefle strese . . + 6 «© ee «ee w@ ee 9 poi 
Allowable shear strese (ne reinforcement) ... . 120 pei 
(etirrups alone as web reinforcement) 
360 pel 
Allowable bearing streme . 2 2 6 6 © 0 oe oe ew 3500 ped 
Modulus of elasticity « « « « © «© «© © © «© © eo og, 000 pal 
Special Reebling Acid Steel Prestressed Concrete Wire 
Ultimate strength « 0 « © © «© © ee © 6 ow ow ow 240,900 pal 
0.7% Blongation at «. « 2 1 6 6 6 © » & © o © © 180,000 pel 
Minima ultimate elongation « .« » - +6 s « «© © @ 4% 
Allowable depicn etreem « 6 6 6 © © © © © © ww BBYDOOO pri 
Srese after oreen of steel and shrinkage of 
eeonerete «© «© «+ «© © © © © © © © 192,900 pei 
Allowable lord per wire 2.» «6 e« © © © wo we ow 7,200 lbe 
, (0.276" D) 
Allowable tensioning etreme « « © « «© © « « © 135,000 pai 
web Web Reinforcement and Anchor Block Wire Caga 
Design ntress « « « «© © «© « «© 20,000 pet 
HOTSG: The above conerste and steel stress were assumed 
after having investicated thore sat forth by various 


autheritier ar followsr : 
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oncrete 
a) Magnel - “Prestressed Concrete" 
-Ultimate compressive strength of 3890 pei(7500 psi at time 


of prestreesing 
-Working compressive stress of 1/4 to 1/3 of ultimate 
-Bearing stress of 1.75 times working compressive stress 
-Tensile stress of 1/19 of compressive atress (2/10 if 
reinforcing provided) 
-Shear etrese of 1/10 of compressive strese 


b) Portland Cement Association - Modern Developments in 
Reinforced Concrete, No. 25, “Desian of Prestressed Concrete" 
-Ultimatoe compressive strength of 5000 psi 
-Yorking compressive stress of 2000 psi 
-No working tensile stress under desicn loads 
“Allowable teneijle etress extreme fibre for check on 
cracking of 700 psi 


c) ACI Standards - 1946 ; 
“Shear atrese as 2/100 ultimate compressive strengcth 
(no reinforcing provided 
“Shear Sress as 8/100 with web reinforcement of stirrups only 


Steel 
Roebling Wire Company - Specifications for Srecial Roebling 
Acid Steel Prestreseed-Concrete VYire 














MOMENT DISTRIBUTION 


Centinuoue beam of 3-100' spans. 
Unit loadinge at each 19' interval. 
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ISFLUGNCHE LINE 


Reaction 


Left(1) 


+0 ,873 
+0,748 
40.627 
40.5809 
40.400 
+0,297 
+9 ,205 
+0.123 
+0.054 
0,090 
9,039 
«f ~064 
#9 077 
-9 080 
of) 20785 
1,064 
#948 
=) O32 
#015 
0.900 
+0.011 
+9 .019 
#90 .024 
+90 .926 
40,025 
+0 .022 
40.018 
+9,013 
+0 .006 

0,800 
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REACTIONS 





NDINATESS 
Reaction 
Bt + Rs 
40.127 40,0335 
#0.252 +0964 
490.373 40,091 
+0491 40,113 
+0 .600 49.125 
40.703 *0.228 
+0.795 +0,119 
+0.877 +0 .006 
+0 .946 40.087 
+] .090 0.900 
+0 .039 490.924 
+0.064 #0,832 
+0 ,077 49.728 
+0 ,080 +0.616 
49.075 +#0.500 
+0 ,064 +9, 384 
#0 ,048 #0.272 
#9.0382 +#9.168 
40,9015 #9 .076 
0,000 0,060 
ef O11 -9 ,057 
#3,019 of ,O98 
- 024 -9.119 
9.926 @9,123 
-,025 “0.125 
“0,022 0,123 
#0,818 -f,08] 
#O.013 9.064 
«#f,006 =) .93S 
0.006 0.0006 


—_ 


49.160 
49.2516 
+9,464 
40.694 
+90 .725 
+9 ,831 
+0,914 
#0 .9°73 
+3 .003 
+2 .0G0 
40.965 
+9, 896 
#0 .805 
40,596 
+0,875 
49,448 
49.220 
40.200 
+0.091 

0,000 
@9,968 
#f * 115 
-0.143 
-O 154 
0.150 
~0.155 
oD 2 LOO 
9,077 
a 939 

0.990 


<<" >) 
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; +> 7) s 
x s 
_ 58 


= ef. 





Meal 


+3273 
+748 
46.27 
#5 .09 
44,00 
+2.97 
42.05 
41.25 
+054 

0,00 
“). 39 
«9.64 
9.79 
=-9,380 
-0.75 
-0.64 
“9.48 
-. Sf 
-O.15 

0.00 
40.11 
49.19 
40,24 
40.26 
40.25 
40.22 
+0,18 
40.13 
+0 .96 

0.00 


We? 
47.46 


414.96 
412,54 
419.18 


43.90 
+5 .94 
4+4.10 
+2246 
+1.08 
%.90 
“0.78 
“1.28 
-1.54 
#1 669 
“1,590 
1.28 
@-9.96 
“9,64 
“0.30 
6.90 
40.82 
40,36 
+0.48 
#0.82 
40,80 
+0 .44 
+0,.36 
+0 .26 
+0.12 
9.00 


ARZA OF INFLURNCE LINES 


#19 
19-29 
20-30 


+399 ,7 


ah 9 
*16.5 


+666 .9 


@ Gh 7 
+3521 


»- 35 -« 


MOMER TS 


keds 
46.219 


#322.44 
+18,.51 
415.27 
432.09 


+8,91 
+6615 
+3.69 
*1.62 
0,00 
«} 017 
1.92 
2.41 
=e 40 
we oD 
1.92 
~1.44 
«(0.96 
~9,45 
0,00 
40,32 
+0257 
+9 .72 
40.78 
+0.75 
40.66 
+054 
+0 ,39 
40.18 
9,09 


+865 .7 
= L4G 0 


+49 .6 


INFLUENCE LINE ORDINATES 


pg 
Fes i 
, nannies eae 


+4492 
#9 ,.92 
+16 .08 
#20.36 
416.00 
411.88 
+8,20 
+4.92 
+i2el6 
G00 
ol 056 
@2656 
#3208 
#3280 
aS.09 
o2.56 
o1 92 
«1.25 
#0260 
0,00 
+044 
40.76 
40.96 
+1 .04 
*1.00 
+9 ,88 
+#0,83 
$0,824 
0.06 


4932.0 
«19° 04 
+66.1 


#5265 
+740 
+12.355 
+15 .45 
#20 .00 
+14,85 
+10.25 
+#6.15 
42.79 
9,009 
“1.95 
#4 _ 20 
-3.85 
~4,009 
moe 75 
oi — 29 
«2,40 
#1 .69 
«0,75 
0,00 
+0,.55 
40.95 
#1.20 
$1.89 
#1.25 
#1210 
40,99 
40,65 
+0, 50 
9.00 


4951.7 
-P4O e Ry 
+82.7 


f a a 
As SPAS AAA ASS! oe 
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Point 


Loaded 


Oo ON AO We 


K-6 


42.358 
+4.38 
+7 .62 
#310.54 
+14.,00 
+17 .82 
412.30 
+7238 
+3.,24 
0.00 
2454 
~3.84 
“4.62 
~4 085 
«4.59 
-3.84 
“2.38 
“1.92 
-0,.90 
0.90 
+066 
+#1.14 
+1.44 
#1.56 
41.50 
41.52 
+1 .98 
+0.78 
40.36 
9,00 


Me? 


+1 ..11 
+2.36 
+389 
+5 .63 
+8,00 


+10.79 
414.35 
+ 8.61 


+5278 

).00 
@2.6935 
“4.48 
oh .0% 
8,690 
#5 e 25 
©4,483 
mde 36 
2024 
-1 0O8 

0.00 
+0.,77 
41.53 
+} .64 
+31 .82 
#1275 
41.54 
+1 426 
+0.91 
#9.42 

0.90 


Ne8 


“9.16 
@) 016 
+#0.185 
40.72 
+2.00 
+3.76 
+6.40 
+984 
44,52 

0.00 
“3.12 
@5.12 
“6.16 
“6.49 
“6.90 
“5.12 
~5 204 
-2256 
#1 .29 

0,00 
+9 .88 
+1 .52 
41.92 
+2,08 
#2,00 
+1.76 
+1244 
#1 .04 
+#0.48 

0.90 


i= 


1.43 
ef 68 
@3.57 
of 019 
o4 609 
3.27 
-1.55 
41,07 
+4 .86 

0.90 
~5e051 
5.76 
-6.93 
7,29 
-6,.75 
=f 276 
o4 soz 
-27,88 
“1.35 

0.90 
41.71 
+2.36 
42.54 
42,25 
+1.98 
41.62 
41.17 
+0,54 

0.00 


M-190 


a2 ,70 
@§.20 
7.50 
9.10 


“19.90 
“19.39 


-9,59 
@7 259 
@4 260 

9.09 
3.90 
“6.40 
7.70 
= ,09 
o7 oBO 
6.40 
@4,89 
3.20 
“1.689 

0.90 
41.10 
+1290 
#2,40 
$2.69 
+2.50 
$2,209 
+1 .80 
+1,50 
+0.69 

0.990 


AREA OF INFLUENCE LINES 


Q-1O +798.0 4597.7 +267 «2 (020) -208,2 (486.7) 669.3 
10-20 -299,.1 ~349.0 -398.9 ~448.7 ~492,5 
20-30 499.2 4115.7 4132.3 4148.8 4165.9 
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ve 
afte 


= 1. 
ea tle T. 
« Ma 


as ’ 
cect nacenducdcneds 


ra) a9 Pe ihe 








Point 





Loaded Mell Mele HelS v-14 M-15 
1 oneal 2,04 “1.71 “1.59 #31 .95 
2 ~4.56 @S.92 “5228 “2.64 #2290 
3 6.39 -§ .48 ~4..57 -5.66 2.75 
4 =-7 97 of, 84 of. 7), ~4,58 #3245 
$ -8.75 -7 50 6.25 -8 00 “3.75 
6 9 .O2 “7.74 -6.46 “5.18 “3.90 
7 -8.31 -7.12 25 695 ~4.,74 #3255 
) ~§6.74 wu 078 @4.72 ~- 3.86 290 
9 #4 ,07 ~32e46 oP? 89 wee oe -1.75 
10 0.90 0.00 9.00 0.900 6.00 
1i 45.24 +4.58 +3.82 43.06 #2.50 
12 #1.92 410,24 #8.56 +6 .88 45.20 
13 -0.42 46.36 +14.14 411.44 +8.70 
14 -1.84 44.32 +19.48 +16.64 +12,80 
15 “2250 +#2.50 +7.59 +#12.50 417.50 
16 #2656 41,28 #5.12 +8.96 412,80 
17 2.98 40.64 43.356 46.98 +8,80 
19 -0.74 +0 ,02 +0.78 41.54 #2230 
20 0.00 9.90 0.00 09 0.00 
2 40.53 ~0.04 -9.61 “1.18 “1.75 
22 +0 094 “9,92 -.98 ~1.94 22.99 
ae 41.21 #0.02 “1.17 = 236 @5655 
24 41.32 +0 .04 “1.24 @2052 #35 .50 
25 41.25 0,00 -3.25 o2,60 3.75 
26 41.07 -9.C6 “1.1¢ m2e be ~35.45 
2? +0.90 0.99 -0.90 -1.59 “2.70 
28 +0.66 40.92 #64 -1.26 “1.990 
29 40.29 9.06 -0.39 0,72 -1.95 
o 0.09 9.00 0.80 0150 0.09 
ARZA OF INPLUENCH LINES 
0-10 -587.1 ~693.2 -419.1 @ 56.64 -283.0 
10-20 -116.0(4678) +301.3 +568.0 +701 .6 +768.0 
2030 +82 .1 — ~34 PSs) #194 4 243.0 
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DESIGN MoMiaNTS 


Designation of Critical Points 


A = midpoint of first span 
B= firet intericr sunport 
C = midpoint of central span 





LIVE LOADS ~ 
Section A 
Positive 
Unif. = 1014.4 X 1.28 xz 1300 
Cone. = 20 KX &6 x "20 
Total (+ impact)= BOBS x 1.28 = +2460 fk 
Negative 


Unif. = 249.3 x 1.228 219 


br wf 
Cone. = 4 X 36 = 144 
Total (+ impact)= ra KX 1.22 = « 566 fk 


Seotion B 
Positive 
Unif. = 165.9 X 1.23 = 212 
Cone. = 2.55 X 36 = 92 
Total (+ impact)= 304 % 1.22 = + 372 fk 
Negative 
Unif. = 1167.8 X 1.28 = 1491 
Cone. = 186.27 X 36 ex §6§69 
Total ( *impact)= B1i51l X 1.22 = -2666 fk 
Section C 
Positive 
Unif. = 768 X 1.28 = 984 
Cone. = 17.5 X 36 sz 630 
Total (+ impact)=1614 xX 1.22 = 41971 fk 
Negative 
Unif. = 507 X 1.28 = 650 


Gone. = 3.9 X 36 141 
Total (+ on 791 X 1.22 = - 965 fk 


CURBS AND RAILINGS (300 ppf - effective after prestress) 
Section A = (0.3)(1014.4 - 249.3) = (9.3)(765.1)= + 229.3 fk 


Section B @ (0.3)(1167.8 - 165.9) = (0, sins 390.6 fk 
Section C = (6.3)(768 ~ 597.0) =» (0,3)(261) = + 78.6 fk 


WHARING SURFACE (150 ppf - per girder - effective after prestres 


Section A = (0, ny | Bed = 793.6 fk 
Section B = (9.15)(1091.9)(7} = 1952.0 fk 
Section © = (9.15)(261)(7) = 275.1 fk 
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DEAD LOADS 
Section A = (0.15)(768.1)(A) = 114.8 (A= Area of beam 


A fk 
Section B = (0.15)(1001.9)(A)= 150.3 A fk crose-section 
Section C = (0.15)(261)(A) = 39.3 A fk in sq.ft.) 


TOTAL DESIGN MOMENTS PAR 4' GIRDER 


Positive Negative 

Kidpoint Firat Span (A) 

Dead Load 114.8A fk ~ 

Load after Prestrese 497 .6 fk - 
First Interior Support (B) 

Dead Load ” 159.34 fk 

Lond after Prestress - 574.1 fk 
Midpoint Central Sran (C) 

Dead Load 29.3A fk ~ 

Lond after Preetrers $322.1 fk 8743 fk 





LOADING FOR NAXIMUM SHEAR 


The loading for maximum shesr is similar to a simrle 
beam in that the critical sheare will occur at the eup- 
porte in a continuous beam. With three spans the maximum 
shear occurs at the first interior supvort. Ffince estirruns 
are required cue to the use of 0.06 - it is necessary to 
compute the stress not only at the suprorte but aleo at the 
roints to the right and left ot the first interior supvort. 
For computing these sheare the apnecifieationsa for maximum 
shear as atated in the AASHO Standard Specifications will 
ag2in be followed. This requires a lane leading of 649 lb. 
per foot plus a 26,000 lb. coneentration placed in such 
manner as to produce maximum streer. The live lond is also 
required to be increased for impact. 

To determine the maximun shear at the required peints 
under the moving load, influence lines are again reserted 
to. Determining the areas of these influence lines and 
eombining these with the required loads gives the maximum 


shear at the section under consideration. 
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V-A 


+1 .000 


+.873 
+.748 
+.627 
+,500 
+,400 
+,297 
+.205 
+.123 
4.0984 
0.00 
= ~939 
- 064 
a O79 
= .080 
= 975 
-,064 
- 048 
-,032 
~ 2018 
0.000 
+,.O011 
4.919 
+,.024 
+,026 
+.925 
+,029 
+,.018 
+.013 
+,006 
0.0800 


V-B 


0.00 

+.160 
+.3516 
+.464 
+.604 
+.725 
+.8351 
+.914 
+.973 


+2 ..0038 
47.000 


+4968 
+896 
+.805 
+.696 
+.875 
+448 
+.520 
+2290 
+081 
0.000 
- 068 
e115 
~e1lid 
- 2154 
= 2i50O 
on 0135 
-.198 
= ,07" 
= 2039 
0.000 


+.7023 
+.795 


+.877 (#123) 


+,.054 
0,000 
+,039 
+.064 
+077 
+, 080 
4,075 
+.064 
+,048 
4.082 
+,015 
0.000 
=-.011 
#819 


~ () e 024 


= 2926 
- .025 
~ 922 
-.918 
#013 
= ,006 
0.900 





V=-9 


0,09 

+6127 
+.252 
+.573 
+.491 
+,.600 
+.7903 
+.798 
+,.877 


+.946(-.054) 


0.066 
+039 
+, 064 
+.0977 
+080 
4,078 
+6064 
+.048 
+.032 
+.015 
0.099 
- O11 
-.019 
= ,024 
=,026 
~ 025 
~e922 
-,O18 
-.013 
~ O06 


Vell 

0.00 

- 03 

~ O64 
OO] 
=.1135 
~e1l25 
=~e128 
~ell? 
~ 096 
= 2987 
9.000 


+.076(-.924) 


- 832 
-2725 
~e616 
© 2500 
= 584 
mela 
-_ 0168 
= 976 
1.9000 
+057 
+996 
+179 
+.128 
*+.125 
+.113 
+.091 
4,064 
+.033 
0.809 
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Section A 
Live load 


Unif. = (44.95)(9.62)(2) = 57.6 
Conc. = (1)(26.0)(2) = 52,9 


LeLe(+ Impact) = 109.6 X 1.22 = 133.7 k 


Dead load 

Unif. = (39.96)(9.737)(7) = DeLe 
Curbs and Railincs 

Unif. = (39.96)(0.309) = CR. 
Surface 

Unif. = (39.96)(9.180)(7) = 8. 

Total 
Per Girder 


Section 3B 
Live load 
Unif. = (120)(9.64)(2) = 153.8 


Cone. = (1)(26.0)(2) * 52,0 
Lelie (+ Impact) = 255.8 x Leee 


Dead load 

Unif. = (196.7)(0.787)(7) = Deise 
Curbs and Railings 

Unif. = (196.7)(9.390) = C.R. 
Surface 

Unif. = (106.7)(9.180)(7) ~ S 


Total 


ae 
eed 


Pas 
o 


407.7 


229.0 k 
12.03 & 
42,9 


OY VERY 


58.2 


250,90 k 


58.8 


ay 


52.9 k 
112.0 k 


GB2.0 Kk 


Per Girder = 140,3 k 


Section A-8 


Live load | 
Unit. = acoreiite ot leh = 4,90 
Cone. = (0,.8773(26.0)(2) = 45.6 
LeLe(+ Impact} = 1856.5 X% 1.22 
Dead load 
Unif. = (49.0)(0.787)(7) = Dis 
Surbs and Railings 
Unif. = (40.0)(9.300) m= C.R. 
Surface 
Unif. = (40.0)(0.150)(7) = S. 
Total 
Fer Giréer 
Section A-9 
° Live load 
Unif. = Hye PS ed = 66.6 
Cone. = (0,946)(26,0)(2) = 49.1 
Leue(+ Impact) = 115.7 * 1.22 
Dead load 
Unif = ( 49.9)(0.787}(7) = DAL. 
Curbs and Railinge 
Unif. = (49.9)(9.390) = CR. 
Surface 
Unif. = (49.9)(0.150)(7) = S. 
Total 


| 


Wot 


i 


= 


= 4 


Per Girder= 


123.9 k 
eee) & 
12.9 & 
42.9 k 


397.9 k 
56.7 k 


141.9 k 
274.90 k 
15.0 k 
52.5 & 


f+ @ 


69.0 k 
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Section Bell 

Live load 

Unif. = (48.4)(0.64)(2) = 62,0 

Cone. = (0.924)(26.0)(2)= 48,90 

LeiL:(+ Impact) #3110.0 X 1.22 = 134.0k 
Dead load 

Unif. = (39.72)(0.787)(7) 
Curbs and Railings 

Unif. = (39.72)(0.300) 
Surface 

Unif. = (39.72)(0.150)(7) 


DeLe = 218.0 k 


u 


ii 
ii 


CR 11.9 k 


S. = 41.7 k 
Total = 4065.6 k 
Per Girder = 58.0 k 
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CROSS SECTION DESIGN 


In the design of the cross section there is no exact 
design for determining the depth of the beam. Therefore 
when @ealing with a eection other than rectancular, it is 
necessary to asrume a section. Prem the conerete pro- 
perties a section of about 39" da indicated. Sines it 
ie known that the eccentricity will centrol, the first 
section aesumed was one with a sgenthiof 36". The width 
of *“s béam has alreafy been assumed as 48" previauely. 


Ths BetGned sestion is am indicated in Fig. 128. 


a A = area = 729 eq. in. 
I = moment of inertia = 137,963 in4 


ree I +A = 191.5 ec. in. 


ZL 


ré/y, = 29.6 in. 


c 
“> 


“Yow, ® wa = 750 lb. per ft. 
Fig. 12 

We determine the limiting values of e' and Fy by censtructing 
e erath “sr @ach of the three eritierl mections ~ the midpoint 
6f the first span (A), the first interior support (B), and 
the midpoint of the central span (CC). Thene graphe are the 
condition equations developed in the section Fundamental 
Formulae. 

Using the equations from the geetion Fundamental 


Pormulae, we first consider seotion A. 
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Section A 
eo Bending Moments are: 
Mag = +114,800(5) = +574,000 fp 
M, = +497,600 fp 
M". ax 
The streeses in the extreme fibres are: 


fa: = fay * ete 7 O90 pai 
fat = fap * a+ X 12 X 18 = 780 pei 


fat = fan = ° 

In this case, 
@ 7 fg4 + fay a8 2000 > 1689 
C4 7 fi, - fay 28 0 > -900 
0 > fi, - fan a8 2000 > -909 


Therefore, 
ne(Z)< + = = i = tensle 
Line(2: Te - fat - faalA  *T800 -1G80)A ~ *IOOOA 
line(2'): - i = ate 
(og “fat + Fada ‘ 
line(4): + 2 = i 





t} « i = 1 0.345 
line(4'): + Cae Aes rey “TIONS ONOTA * on 


With there values the diagvre= \“gem in Pig. 13 ean be 
drawn (solid lines). 
Section FE 
1n@ Pending Mements are: 
Hg © -150,390(5) = -751,590 fp 
Be = @§74,199 fp 
Ma = 9 
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The stresses in the extreme fibres are: 


9 
far "fp = Tee = 900 pel 
990" 


‘aA ‘a7 * 

In this ease, 
© < fg + faz a8 2000 < 2078 
Ce >fan - fag a8 9 > 91178 
@ > fap - f4, a8 2009 7 1178 


Therefore, 
: 2 — n an 0,85 a 11.3 
dine(2): = te tap Ok ~ TSO7S = BOOT ~~ TOOOA 
0,85 
Go, - fat + fat A 0 + 1L1L73)A 1LO99A 
0.85 - 0.41 


“ Tl = pe ah? 
line(4): + prc eye) Oe LD) a 7 


0.52 


ys 4 1 “(ES80 FLLFET TODA 


With these values the diagram shown in Fig 15 can be 


drawn (dashed lines). 
Section ¢ 


The Bending Moments are: 
Mg = 439,900(A) = +196,000 fp 


Me = +352,000 fp 
yt, =z «87,3500 fr 
In this case, the etresses in the extreme fibres are: 


f 196,900 X 12 X 18 207 noi 
at ~ fap * 137,965 Eh ttn 


f = ff «e oo07,0900 X32 X18 521 nei 
at “ “ab “is7,65 SCS , 


‘ >t 87,590 X 12 X18 = 
th eo er 
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In this ease, 
c > fay + fa, an 2090 > 828 
Cy fot - far as O 7? #170 
c P thy - fay 28 20900 7 170 


Therefore, 


line(2): 4 P 1 « e854 
(eo - faz - fagdA (2000 = B28)A —“1O00A 


529 


Line(2"): G; - £1, + fap)A (0 + 170)A LO09A 


0.35 eu 0288 1,03 


= + 
(fan + fay - ey)A (828-0) A 1OO0A 


line(4): +¢ 


0.46 


t)- + 1 = + i TS emer 
line(4') (c= Fh, ¥ Fq,A (2000 + LVD)A LOOOA 


With these values the diagram shown in Fig. 15 ean be 
drawn (dotted and dashed liner). 


With a 36" section the maximum e obtainable allowing 3° 
for jacking purposes is S$". We assume @, = 9" which is less 
than the r”/y4 = 19.6" putting the wire within the core of the 
section. For e, = 9", the maximum value of ef - the controlling 
eccentricity - is 8.5". Hxamining the diagram of 1/Py ve ef, 
we find that the value cannot be satisfied. Hence the denth 
of beam section must be increased, The next section to try 


has a depth of 42", 
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A section with a depth of 42" ic now asewned - as 
indicated in Fig. 14. 


A = area = 756 eq. in. 


vail 


I = moment of inertia = 201,352 in® 
y® = 267 in” 
r“/y, = 12.72 in. 





Lwg = 286,2.150 ~ 797 aD, per ft. 
eisiee 
The Bending xXoments are: 
Ma = +114,800(5.25) = 4603,009 fp 
M = +497,609 fp 
MY #0 


The stresres in the extreme fibree are? 


ra : 693,900 ZX 1s xX 2 , 
at * fay = Se eee ee = 755 pes 


fat * fay * 497 609 xX Le X21 = 622 pad 


7 
In this onre, 
c 2? fat + Pat mas 20007 1375 
Cy> fi4- fa, af 9 > -%55 
e7f'sy, + f,, a8 2000 > 753 


Therefore, 


‘ a fh Ls) 
ees tae fat - fata * (8000 -Is75jA * + TAt0R 


a1; P | i > Lews 
aAne(¥")s oyeo=s fi, + faga (0 + 753)A.- -~ *‘LOOA 


“ 0.85 = + 0618 
line(4)s P lan *+ fab - O¢ A — “Cis7s « OJA LOOOA 


9.362 


: 1 
line(4 ): ? Ge cab + fan A >. “(SO00 FERIA ~— LO05A 
o AR « 
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With these values the diagram shown in Fie. 15 can be 
drawn (solid lines). 


Section B 
The Bending Momente ares 


Mg = ©150,300(5,25) = -789,000 fp 
My, = -574,100 fp 
a = 0 

The stresses in the extreme fibres are? 


f., «= f,, « 789,900 X12 kK 21 = O85 vsi 
at — “db BOL, a55 - 


~ 874,100 X 12 X 21 
fat = Tar os oe. 


fat ™ Tay * 

In this case, 
C > fag t+ fae as 20907 1708 
C+ > fat - fat 28 9 > -985 
@ > fi, - fay a8 2000 7 =985 


Therefore, 


line(2): + rE = +} 1 = + 5.37 
é- fat - far) A (BO00-1703)A  TOOOA 


line(2'): 1.02 


1 1 
” Teg - Fi, + fag)A ~~ (OF S85), ~ “1090 


Line(4): 9.50 


+ n a4 0.35 e 
(fan + fan - Cela (170s - OJA ~ “TOOOA 


+ A — 0.335 
(o- fh, + Paya {Sa80-F BRET" *1 500A 


With theese values the dingram shown in Fig. 15 can be 


Line(4'): 


drawn (dashed lines). 


Section C 


The Fending Moments are: 
Mg = +39,300(5.25) = +206,500 fp 


Ma = # 322,190 fp 
Mt. = -87,500 fp 
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The stresees in the extreme fibres are: 


t ray = £06,500 X12 X 21 «= 258 pad 
at * fay = eae CT p 


f., =f. = 322,199 XA2KR 21 = 401 pei 
at = *a» * ““35r, . 


Koes 


fat = fap @ 





In this case, 
© > fa, + fa_ a8 2000 > 659 
C¢ >fi, - fg, a8 9 7 +149 
efi, - fa, as 2000 7 149 


Therefore, 
1 L 0.746 
+ ) ) + SAa0cEE <= + TAAHA 


S')hs « 1 - 1 ~ 
line(2') (> Fi, + fqpa | (OS TATA LODOA 


0.85 + 229 


. n Sm 
line(4): + fan + fq, - 0,)A  * (650 ~ OVA L000A 


line(4') Te =" 4 fq) 4 (2000 + TA5)A 10004 


With these values the diagram ehown in Fig. 15. can be 


drawn (dotted and dashed lines). 


Fig. 15 represented the graphical solution satisfying 
all the conditions for the comrresrive and tensile stresses 
in the conerete at the three critical sections - at time of 
prestrese end after elapsed londing (1i.e., after the prertrers 
force has been decreased to n times ite oricinal value due to 
the creep of the concrete and etesl and the plastic flow 


of the concrete). 
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With graph of e' versus 1/P which defines according to 
the condition equations the limite of e at the critical 
sections, and the graph of e' versus e to compensate 
for the secondary bending moment, it is possible to 
determine the values of the actual eccentricity. Since 
straicht cables are used the cables mist be within 

the core of the section at the exterior supports to 
prevent tension in the ton fibre. Therefore, e, must 
be less than r°/y, which equals 12.7". @, was assumed 
eoual to -12",. This allows 3" clearance beneath the 
flanges for jacking purposes. Since it is desirable 
tone, as large as possible, the first try was ep equal 
to +12", With @, = «12, and @p = +12, the values of 
the equivalent eccentricities (e') from the graph of 

@e versus ef are: 

e', = 11.6, e'pn = 412.6, and e'g *-11.2 
Entering the graph of e' versus LOOOA/P - the highest 
value of 1000A/P which will satisfy the above e's is 
ecual to 1. The limiting values ef the equivalent 
eccentricities with LONOOA/P equal to 1 are: 

e', = «22 to <8 

e's = +24.5 to 12.5 

e'o = -13.5 to 0. 

Sineo the actual values of e satisfy both granhe, the 
aesumed values of @, and ey are acceptable. Therefore, 
the values of eccentricity usesd are: 


OA = -12", Cn = #12" and en = CA t ~-12", 
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With ee = j 


P= 1000 x A = 16009 x 766 = 766,900 lb. 
With the value of PF = 756,000 and the value of e = tie 


we have the following stresses: 


P , 756,000 
rn = Tee = + 1000 psi 


£* Pe x oc 756,900 x 12x 21 a toaa ped 
I 207,852 « 


See. Mom. = -P (0.6375 (e,) + 0.5625 (a1) 1 
= 756,000 (0.6275 (-12) + 0.5625 (+412)| 
= @756,000 x 12 (-.6278 + 0.5625) 


= 756,000 x 12 (-0.075) = + 689,000 in. lb. 
fa = £80,000 x 2) = to. nei 


Fr ad 


201,852 * 
Sinee the condition ecusatione have beer santinfied and the 


diagrams for secondary moments have also been commiied with, 
it is feasenable te assume that the ptresser at the critical 
seetione aro not above the allowable stress. However, for 
a check we have tabulated the streeses at these sections. 


A 
Top Bottom Ton Bottom Ton Bottom 
Dead Load Stress +662 «662 <-718 +718 +401 £-402 
Live Load (super) +783 -753 -985 +4988 +278 +258 


P/A atress #1000 +1090 419900 410900 41009 +1909 
Fec/I “944 +4944 4944 -044 G44 +944 
fs + S6é ~ 36 471 -71 +771 -71 
Resulting Stress +1597 +4493 +4512 +1688 +786 +1214 
Streea with no 4345 +1385 42030 4070 #528 +1472 
live lead 
Total Streee After 41600 4292 #21 #128486 $998 #923 
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DETERMINATION OF WIRE ARSA 


The following computations are to determine the wires 
required. 


Design etress = 120,000 lb. per sa. in. 
Area = 9.05983 

= 

hd 


D 0.276" 
P 756,909 lb. 
f ¢ 1 = 75649 on ‘ ® 
Arena of stee Tosa = 6.29 #q. in 
Number of vwirer = G29 = 105 


0.05983 


Therefore, use 4 cables of 28 wires each (total of 1212) 
Placed two enables on each side of the web. 


Load per wire = phe = 6750 lb., lese than allowabke 
| 7200 1d. 


Size of Sheath 
Spacing = 1 diameter (to allow for 
grouting) 
Wires - 7 by 4 
Sheath - (14)(9.276) by (8)(9.276) 
or §-7/8" by 2-1/4" 
Use 4 standard sandvhich plates for each oable. Tetal 


size for each enable is 4" by 4-1/2", 


os 






_, 









= 


_ eee 


dais S2T oO Li 


Teh atts of ene esate 


cd —— "= — sietemeseenecs 
ab soe wig ot trae 
- 
Sade 
baa —— 


oat 
ttl ne Bee 
ner # 
(SEE We fates) dome serie 8 Ye selepe + ew « 
son o8d YO OMe oan me gBidie wet bees 
eos a ot ol Oare SBT ear tent 


stiedd Ys wean 




















AY tities Gr) enemies f © Yitieeh 
“Lalit tw - eel 
sens Satya aa 


caret -ahies Goer Of) cetnl> ieteriees Wdeets bet 
Se ee et) ae 





2 > 


DESIGN OF REARING PLATES 





LONGITUDINAL WIRES 
Allowable Bearing Value = 1.75 f, = 1.75 x 2000 © 3590 pai 
Loses of concrete for cables = 2(3.878 x 2.25) = 17 sas ine 


Required Area (one plate each side of web) 
56,000 


7 
A = 5 x SEDO 108 ea. ine 


Use plate 6" x 21" = 126" (greater than 108 + 17) 

Plate Thickness 
In the design of the plate thickness, the design as 

suggested in AISC for column bearing plate. 

t® = 9.15 pm® 

= 9.18(3.5) (3)® = 4.72 
t = 2,18" 
use t = 2-1/2" 
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SHEAR CHECK 


The shear stree® or diagonal tensile stress (v) in 
an unecracked concrete section is maximum at the centroid. 
For a girder subject to vending only, the value of v may 
be computed from the following equation which is a standard 
textbook formula for maximum shearing stress in o nomo- 
genecus section. 
in which, v = shearing stress at centroid 

V = external shear on section 


b = width of section at centroid 


Q = stationl moment of section on either side 
of centroid taken sbout that point 


I = moment of inertia of entire gection about 
the centroid 


When the pres treneing wires run threugh etraight from 
endto end, as they do in this girder design, the prestressr 
forces are parallel to the cirder axis and do not @entribute 
to the value of V. However, the prestrers foree exerts a 
horizontal compressive stress (S,). The stress v and 8, 


rroduce a principle tensile stress which may be computed 


from the following etandard textbook formulas. 


Se, « 4 ( Ay™ 


if the principle etressces exceed the allowable tensile 


2 
+e S,) 


strength of the concrete, web reinforcement ie necesrary. 
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PRINCIPLE STRESS TS 


Section A 
V= 58.2 % 
=x 6§* 
(48)(6)(18) + (6)(15)(7.5) = 5855 ind 
291,852 in4 


58.2 )(68955 
6)( 201,852 


g¢ HO vd’ 
ft i 


= 282 pel 
S, = mPy/A = (0,85)(756,099)/(756) = 850 pai 


She. ( ¥4(2s2)2 + (a50)® - 850) = 85 pei 


Q = 5855 
I = 201,852 


140,.%3)( 5855 - 
vc = 682 pai 
G 01, 862 ? 


S, = 850 pei (constant threughout the length of beam) 
1 y 22 2 
Sy == ( ¥4(682)*~ + (859)° »~ 850) = 382 psi 


since 392 psi exceeds the allowable strength of 129 nei, 
web reinforcement in the form of vertical stirrups is 


Necessary 


Seetion A-8 


v = (56.7)(5855) = p74 pei 
6)( 201, 852 


St = 84 pal 
Section A-9 


vy = (69.0)(5855 = $34 pei 
pa 


Section Bell 


y = (58.9)(535! 
6) (201, abe 






S¢ = 81 pal ahd, x 
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WEE REINFORCELONT 


Shear strength of conerete = 0.02 f', 


= 0,62 (6000 


= 120 pai 


Reinforcement must provide alj in 
excess of 120 pei. 


Since this shearing stress drops rapidly in either di- 


rection of the interior suppert, reinforcement is theoretically 


not required at a distance greater than 10' from the interior 


support. To provide the reinforcement, etirrups will be used. 


The design of theee stirrups followe the cdesicn of ectirrurs 


as outlined in the Reinforced Conerete Derign Uandtock. 


Stirrup Design 


Mav V' = 262 pei 


S 2 16% 


b 2 6M 
v- d = 42" 
fy, = 29,000 pel 


f', = 6090 nei 


try 3/8 ineh stirrups: 


Agfy = 4400 
- s (Max v')b _ 262 X 6 
LAK (i, g ) = Agfy 4406 se 


N = 68(max 1/e) = 6 X10 X 9.375 


0.3756 


Reed, Say 24 


index = 1.58/(max 1/e) = 1.5(10)/0.3575 = 46 


fntering "Spacing of Stirrune” diagran, page 81, RODH, 


with index of 40 and max(1/s#) of O.275, wa 


3/8" round etirrups epaced: 19 at 
at 6"; 1 at 5"; and = at 12°". 


This epacing will commence at the interior 
in both directions. Although the etirruns 
not requireé after the 10', it wae decided 
étirrups throughout the length of the heam 


1ncing of Le", 
epnacing of 1 . 8? - 


ret: 
o's; 7 at a3 & 


supports and run 
are theoretienlly 
te eontinue the 


at the maxinum 


ee, 
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DESIGN OF ANCHOR PLOCKS 


Pe | ee Since the designed cable 
J56~ 


ls | is discontinuous, it is neces- 
CO a : | 
ae gary to have anchoring blocks 
4 
~ 4.-»| at the points of discontinuity. 


Therefore, at the 3/4 point in 
the first span a rectangular block is placed on both sides of 
the web of the I beam. The cable which is below the neutral 
axis ends at this block while the cable over the first in- 
terior support begins. There is a similar block at the 1/4 
point of the middle. Throughout the entire length of the span 
there are four such blecks. The prestressing cables bearing 
on these blocks produce an internal couple of 756,000 x 24 in. 
1b. This couple is resisted by shear along the flange. Al- 
though the web aids in resisting this couple, it has not been 
taken into account and the ¢esign is on the side of safety. 

Length of Block 
Shear = eM = 604.8 K 
Shear/in. = te = 14.4 k/in. 
If no reinforcement were used, the allowable shear from 
the ACI standards would be: 
Ve = 0.02 f', = .02 x 6000 = 120 pei 
L os = 120" =10 «+ too large 


With reinforcement the sllowable shear from the ACI 
standards: 


Ve = 0.06f', = .06 x 6000 = 360 psi 


Cc 


L = Abs = 40" 


Therefore, a block ie 3 a length of 4'O" was used. 
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NCHOR BLOCK REINFORCEMENT 


iia In the design of the block it is noted 
that the shear is horizontal and hence 


the main reinforcement is horizontal. 





Since the actual stress pattern is to 
a certain extent indeterminate, it was 
decided to run the reinforcement in 
both direction. To provide for reinforcement in both 
a@irection, a wire mesh cage prefabrication to be lowered into 
the forms for the anchor blocks will be designed. 
Design of Reinforcement 
The shear diagram for the block is shown and the computations 
follow. 
Gof4G Shear taken by the concrete equals the 
_ shear value of the concrete times the 
area effective in shear (length of the 
block times the width of the block). 
Vo = 0,.02(6000)(48" x 42") = 242 k 
The remainder of the shear must be taken by the reinforcement 
and is equal to Vy, = 604.8 - 242 = 362.8 k 
We now will assume 6 vertical rows of horizontal reinforcement 
placed 3 on either side of the centerline (the cable is there- 
fore placed between two rows of reinforcement). Each vertical 


row will take 362.8 k + 6 rows, or 60.5 k per row. 
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Now = V's h yt «= 
$ Ay Tijd wnere 

= mts 7 Ay = 

= 9.115 s es = 


fy, = 


excess of total shear over that 
permitted on the concrete (vy) 


total sarea of reinforcement in 
tension within a dietance sb 


spacing of reinforcement ina 
direction parallel to it 


tnesile unit stress in reinforce- 
mer t 


Assume a 6" spacing of reinforcement with a required Ay of 


*) 
0.690 in”. Use 1" 9 spaced 6" in both direotions. 


The wire meeh cage would therefore be fabricated as follows: 


-6 vertical rowe of 1" 2 spaced 6" vertically 


-vertical 1" 9 spaced 6" horizontally 


-the vertical 1" 9 would be the vertical leg of a rectangular 
closed stirrup serving to tie the unit together 


emlill bare would be welded so 
This is illustrated in Fig. 17. 


as to form the wire cage 
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All bars 1" @ 
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Fig. 17 
ANCHOR BLOCK REINFORCEMENT 





DESIGN OF SHAR ERY 


To have an efficient transfer 
ef streas between adjacent 
girders it is necessary to 


key them at the upper and lower 





flanges. 


The greatest concentration of load midway between cirder 
centers at the shear key vill be equal te that exerted by a 
wheel loading of 16,0050 lbe. placed either side of the shear 
plane. This load can be distributed according toe Art 3.3.2, 
AASHO Standarda, 1949, an follows: 

Ree 9.65 + 2.5 

where © = width over which wheel load 

diatribvuted 
& « effective eran length 

Z = 9.6(4) + 2.5 = 4.9 fect 
Therefore, the maximum shear etress equals 

16,000 4 4.9 = 3,270 p/ft = 3.87 k/ft 
The shear etrength of the conerete = 9.0c ff, # 120 pai = 0.12 kei 
providing total shear resistance = 2 X 9.120 kad X 12 in/ft 

= 2,88 k/ft/ineh of depth 

Therefore, the minizam depth of key = 3.27/2.88 = 1.13" 
For this design uee denth of key = 1-1/2". 
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TRANSVERSS WIG 





In order to insure that the cirdere act together as a 
monolithic etructure it is necessary to induce a compressive 
stress in the upper and lower ¢ienges. This strers is 
produced by hish tension transverse wires whieh run through 
the upper and lorer flanrer and are vrestressecd in s manner 
similar to that umed in the longitudinal prestreseing eneration. 
However, there is no design for the wires for they take no 
actual load. It was believed that 8 wires of dianeter 0.276" 
in the top flange and another 8 in the bottom flanre apaced at 
5 feet intervale would be sufficient. With this arrangement 
the strees produced would be: 

Total wire aren = S X 9.908983 = 9.487 an. ine 

Force = 0.487 X 120,000 = 57,500 lb. 

Stress = 57,590/(6 X 60) = 160 pai 
The designed wires would reesult in a compressive strees of 
160 pei in both the upver and lower flanges. It is believed 


that this would be adacuate te produce a monolithic structure, 
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DESIGN OF BARING PLATES 


TRANSVERSE WIRES 
Allowable Bearing Value = 1.75 f- = 1.75 x 2900 = 3500 psi 
Loss of concrete for cables = 2-1/4 x 1 = 2.25 
Required area o oe 2 16.4 en. ine 
Use plate 6" x 4" (greater than 16.4" 
+ 2.25") 
Plate Thickness 
t© = 0.15m* 
= 0,15(3.5) (1.5)" = 1.18 
t = 1.09" 
use t = 1-1/4" 
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MOMENT AT FIRST CRAC 








It is generally advisable to determine the moment 
at which the first crack (i) may be anticipated. This 
involves estimating the stress f,, at which the allowable 
tensile stress of the concrete is reached in the bottom 
fibre. The moment at this roint may be determined from 
the following equation: 

Mey = My + f.. a 
My = total maximum moment = 1,363,000 fp 
for™ allowable tensile atress = 700 pel 
I = moment of inertia , 
Vp = dietance to bottom fibre = 21" 


Moy = 1,363,000 X12 + 700 X ate = 23,300,009 ip 


On the assumption that moments and londe are provertional, 
the calculation shows that the first crack appears when 
the superimposed lond is 42% more than the combined dead 
lead and live load. Unlike ordinary reinforced concrete, 
thie crack will close up when the load is subsequently 
reduced down te design Live load. The eonerete will then 


avain behave as a homogeneous material. 
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The ratio of depth to span is about 1:30 which ig 
small for a bridge carrying highway loading as heavy as 
H20-S16. The deflection under live load including 
impact should therefore be investigated. The maximum 
éeflection for the beam will ceecur in the first span 
when leaded as shown in the sketch. The point of maximum 
deflection is not at the midspan but for simplicity this 
deflection will be determined. The method of Conjugate 


Beam is used to obtain the necessary deflection. 


LOADING 





CONJUGATE BEAM 
COMPUTATIONS ¢ 
Pab/L = (36)(1.22)(50)(50)/100 z= 1098 
wL’/3 = (1.28)(1.22)(1007) 2 = 1953 


iy = (669.5-165.9) (1.28) (1.22) 
+ (36)(1.22)(10.9) = 1224 


For Conjugate Beam 


Ry = 1. (1098 (200)(S0) + (4)(2953)(50)(50) - (1224)(190)(106 
- 3 


100 ZIAS 


27,400 + 65,100 - 20,409 = 72,100 


x = (72,200)(50) + (6n2)(s0}(s0) - (2096)(50)(59) - 2(1953)50% 
2}(s mS SIE 
= 3,695,000 + 255,000 = 488,000 - 1,220,000 = 2,070,000 
= = 0,845" 
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The live load deflection is approximately 1/1400 of the span. 
The AASHO requires that the deflection shall not exceed 1/300 
of the epan. Sinee the maximum deflection will only ba 
slightly greater than the live load deflection comruted, 


the AASHO requirements are easily satisfied. 





; Vo 





a 






— 
| <= vei nn ae coon tt 
Mew ite abifeettel mete at) sent 


, tateeme. 
aetreottss 
baad ovit a4* nut yoteem 
seh Peleee pile Our 
; oe a 









COMPARISON OF SECTION DESIGNED 
STRAISHT CARLES 
VERSUS 
PARABOLIC CABLE 

In the design of a three span continuous girder 
Magnel uses a continuous parabolic cable. The cable 
sags in the middle of the spans and wpe over at the 
interior supports. The eccentricities of this cable 
are limited as great differences in the values of e 
at the midepans and supports would mean a cable of 
gsucn tortuous shape thet the friction between the 
cable and sheath might be serious. In most inetancers 
the cable at the suvports doe not cross the neutral 
axia. Such a cable results in very high secondary 
pending moments. Straicht cables which ean be 
placed equidistant from the neutral axis tend te 
cancel out on the secondary bending moment. 

In the solution of his perabolic cable, Marnel 
has evolved a complicated graph from which he can 
determine the minimum and maximum values of the 
actual eccentricities. It wae believed that the 
results of a girder design uning Magnel's eable would 
make on interesting comparison with the girder 
already designed. 

Since a comparison is to be made a section with 
the sane dimensions as the finel section design using 
the straight cables wae selected. This section has a 
42° depth and the curves of e' versus 1/P, are as 


before in Fig. 15. Entering thie curve with 1900A/? = 1, 
~ €7 ~- 
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the limiting values as before are: 

e'. * -22 to <8 

e's = +24.5 to +12.5 

e'g = -15.5 to 0 
Using Magnel's diagram as shown in Fig. 16 where for an 
assigned value of Cr, the corresponding values of e, and 
ec are obtained provided that a crosg-hatched area which 
satisfies the limite for the equivalent eccentricities 
is obtained. We Nave assumed that ep must be less than 
+4 in order to prevent oxcessive friction. With that 
limitation it appears that such a cross-hatched area in 
not obtained and therefore the line 1000A/P = 1 is 
unsuitable. Lower values of 1000A/P did not produce 
a polution. Therefore the depth would have to he 
increased. If the eccentricity was not limited by 
the friction consideration, Kagnel's desi¢n would 
result in the sace depth of seetion. The straight 
cables therefore hare advantages in some cases over the 
parabolic cable. It is true that the eccentricity of 
the straight cables is limited by the necessary 
clearance for "Jacking" purposes. However, enough 
eccentricity is obtainable to give an economical 
section which is emaller than the corresponding section 


using a parabolic cable, 
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CONCLUSIONS AND RECOMMENDATIONS 





In the design of the three equal span girder bridge 
discontinuous straight esbles arranged in a manner 
similar to ordinary reinforcement were used. This design 
proved to be wubivety satisfactory resulting in zero 
tensile stresses under any condition of loading and fave 
a depth of span ratio of approximately 1/39. In comparing 
the design with a similar design usine Kagnel'te parabolie 
cable it was grown that the parebolic cable necessitated R 
greater depth of section becuuse of the friction between 
the sheath and cables which limited the eccentricities. 
Henee it is concluded that the use cf strairsht cables in 
the desicn of continuous bridges is practical and in many 
cases would result in an economical design. In addition 
the design procedure is relatively simple and substitutes 
a simple graph for the complex eraph neefed in the solution 
using a parabloic eable. 

It ia recommended that the une of discontinuous cables 
for other than three equal span continuous beams be 
investigated and design procedure modified to aprly to 
continuous bridges of 2 or 3 spans = equal and unecual 
BYANE . It is further recommended that the uee of the 
new high atrength prestressing bars recently developed 
in Sngland be investigated in connection with these 


designs employing discontinuous straicht enables. 
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